Stabilized and semi-stabilized phosphoranes can be subjected to solventless Wittig reactions with carbaldehydes. Simple heating of a mixture of added components at 100 • C in an electric oven gives the corresponding olefins in good yield. Alternatively, the Wittig reactions can be carried out in a biphasic medium under ultrasonication. In this case, the Wittig products can be isolated by simple evaporation of the organic phase without additional work-up.
A number of criteria have to be considered when setting reaction conditions for a chemical transformation. While in former times such criteria as product yield, simplicity of operation, cost of starting materials and reagents were considered, recently, further evaluation points such as the toxicity of the reagents and solvents used, energy requirements and waste production have been added to the list, even when performing reactions at laboratory scale. A further important factor that is not to be underestimated is the amount of time needed for the synthetic step or sequence. For many chemical transformations, a multitude of different reaction conditions have been published, from which it is important to choose carefully for the individual transformation in question. One such transformation, which offers a choice of reaction conditions, is the Wittig olefination of carbaldehydes with stabilized and semi-stabilized ylides. In former times the reaction was carried out in organic solvents such as DME [2a] , chloroform [2b] , benzene [2c,d] or toluene [2e] , often under reflux conditions and in the presence of additives such as acids [2c,d, 3] or salts [4] . More recently, waste-saving alternatives have been explored such as performing the reactions in solventless systems [1, 5] utilizing special techniques such as microwave irradiation [5b,c,d,f] and ball-mill mixing [5e]. In the following, two procedures for the Wittig olefination will be 0932-0776 / 05 / 0800-0909 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com discussed, which are characterized by reduced use of solvents and simplicity of operation, no special equipment being needed.
We observed that many aromatic and heteroaromatic carbaldehydes undergo exothermic olefination reactions with stabilized Wittig reagents, when one reaction partner is added to the other, resulting in solventless Wittig olefination reactions without the necessity of microwave irradiation (Table 1) . Liquid aryland hetarylcarbaldehydes, such as 1c and 1e, form uniform melts with the phosphoranes. Aldehydes with low melting points, such as 1i, mix equally well with the phosphoranes as the heat released can generate temperatures of 60 -70 • C. In cases, where the aldehydes have a higher melting point, the mixture of aldehyde and phosphorane is heated at 100
• C for 10 min -2 h. to produce the olefinic products in good yield. Alkoxycarbonylmethylidenetriphenylphosphoranes 2a,b and aroylmethylidenetriphenylphosphoranes 2c -e can be used in these reactions. With these stabilized phosphoranes, the olefins formed are predominantely Econfigurated. As in solution, also under solventless conditions the reactivity of alkoxymethylidenephosphoranes is higher than that of aroylmethylidenephosphoranes which is reflected in the shorter reaction times needed. Nevertheless, the alkoxymethylidenetriphenylphosphoranes 2a,b react selectively with the carbaldehyde moiety of ketoarylcarbaldehydes such as in 1h and 1i. Under more forcing conditions such as under microwave irradiation the keto functionality also undergoes reaction.
Benzylidenetriphenylphosphorane also reacts selectively with carbaldehydes rather than with ketones in pure mixtures. This can be seen in the reaction of benzylidenetriphenylphosphorane with an equimolar amount of phenylglyoxal monohydrate (1i), where only the carbaldehyde function reacts to give a separable mixture of E-6c and Z-6c (E/Z = 44/56) (Scheme 1). Instead of benzylidenetriphenylphosphorane itself, the corresponding phosphonium bromide salt 4b is used as starting material with addition of solid potassium tert-butanolate. Analogously, allyltriphenylphosphonium bromide 4a can be used in solventless systems. These semi-stabilized phosphoranes, especially the allylmethylidenetriphenylphosphorane, derived from 4a, give the olefins in poorer yields without significant E/Z-selectivity. Double-Wittig olefinations are possible under solventless conditions as is witnessed by the transformation of 2,3-diformylthiophene (2n) with Wittig reagents 2c, 2f, and 2g at 100 • C (Scheme 2). No side products are observed from a potential triene cyclization of the products at 100 • C. In fact, in contrast to other known dialkyl hexatriene-1,6-dicarboxylate derivatives, which undergo triene cyclization [6], 7a has been found to be stable up to 155 • C (48 h, solution in diphenyl ether).
In certain cases, Wittig olefinations do not progress in solution, but proceed in solventless systems. In one such example, the Wittig olefination of 16-formylestra-1,3,5(10)-trien-17-one [7] does not work out in solution. Partly this is due to the poor solubility of the starting material. The reactivity of the 16-formyl group is much reduced because of hydrogen bonding to the 17-keto group. In a pure mixture with ethoxycarbonylmethylidenetriphenylphosphorane (2a), however, the compound undergoes Wittig olefination at 100 • C (oven, 30 min) in acceptable yield, where the initial product undergoes a 1,3-proton shift to provide 9a as a single isomer (Scheme 3). The double bond configuration of 9a was established by DPFGSE-NOE-experiment (Double Pulsed Field Gradient Spin Echo NOE [8] , irradiated at ν = 1924.7 Hz [protons at C-20; 2.1% observed for H16α, H16β ]. The analogous reaction with cyanomethylidenetriphenylphosphorane (2h) also proceeds, the analogous product 10 being formed in a little lower yield under the same conditions. Acetylmethylidenetriphenylphosphorane (2g) is not reactive enough to undergo a reaction in the pure mixture of starting materials at 100 • C.
The main drawback of all these reactions, however, lies in the work-up as it still necessitates the use of Table 2 . Wittig olefination in a biphasic medium under ultrasonication.
solvents as eluents for short column chromatographic separations, mainly to separate triphenylphosphane oxide and small amounts of triphenylphosphane. On the other hand, olefins are also produced, albeit in slightly lower yields, when the carbaldehydes and phosphoranes are reacted at room temperature in an aqueous solvent or a mixture of hexane/ether (95/5 v/v) and water under ultrasound [9 -11] . Reaction times are longer. The work-up, however, is minimal. In the case of solely using water as reaction medium, hexane can be added to the mixture near the completion of the reaction, where the product is extracted into the organic phase under ultrasound. Frequently, the product is sufficiently pure to be used in a subsequent reaction step without further purification. In other cases simple filtration over a pad with a thin layer of silica gel provides the pure product.
In these experiments, the starting materials can be either the phosphorane or the phosphonium salt, which under the conditions is transformed to the phosphorane by the aqueous base. When an ultrasonic bath is used for the reaction, a semi-solid forms at the interphase of the aqueous and the organic phase (hexane/ether = 95/5). At the beginning the solid consists mostly of phosphorane, at the end of the reaction of residual phosphorane and triphenylphosphane oxide. During the sonication there is cavitation in the lower, aqueous phase which impinges on the bottom of the interfacial layer. It is in this layer that the Wittig olefination takes place.
Benzyltriphenylphosphonium bromide (4b) also undergoes Wittig olefination under sonication in aqueous medium, e.g. with 5-methylthien-2-ylcarbaldehyde, to give (5-methylthien-2-yl)styrene (54%, E/Z = 1:1). Here, however, the advantage of an easy separation of the product by evaporation of the overlying hexane phase is not in evidence, as the reaction does not go to completion and product and starting aldehyde have to be separated over a short column.
In conclusion, we have shown that aryl-and hetarylcarbaldehydes undergo rapid Wittig olefination under solventless conditions with a number of stabilized and semi-stabilized phosphoranes. A chromatographic separation of the products is mandatory. Carbaldehydes can also be reacted in aqueous solution or in a mixture of non-polar organic solvents and water. In this case, the organic layer can be siphoned off and the product can be obtained by evaporation of the solvent, in a purity sufficient for subsequent transformations. Solventless Wittig olefination can be combined with an extraction of the solid/liquid product under ultrasonication. Here, however, the yields can be lower due to remaining product adsorbed to the solids formed.
Experimental Section

General remarks
Melting points were measured on a Yanaco microscopic hotstage and are uncorrected. Infrared spectra were measured with JASCO IR-700 and Nippon Denshi JIR-AQ2OM instruments. 1 H and 13 C NMR spectra were recorded with a JEOL EX-270 spectrometer ( 1 H at 270 MHz, 13 Tapolcsanyi et al. [7] .
Typical procedures [14] Wittig olefination under solventless conditions -Ethyl 2-[4-(trimethylsilylethynyl)-1,2-dihydronaphthalen-3-yl] acrylate (3t). -Aldehyde 1f (1.27 g, 5.0 mmol) was reacted with phosphorane 2a (2.61 g, 7.5 mmol) for 10 min at 100 • C. The melt was transferred to silica gel and chromatography (hexane/ether 5:1) gave 3t (1. 14.37, 23.45, 27.05, 60.48, 100.27, 105.86, 119.42, 125.94, 126.84, 126.92, 127.23, 128.80, 132.72, 140.10, 143.33, 167. 88, 118.71, 119.96, 126.37, 127.83, 133.78, 134.71, 138.22, 139.80, 166.70, 70 06, 28.42, 126.56, 127.22, 128.15, 128.71, 131.60, 132.67, 139.00, 140.57, 197.14, 70 1655, 1576, 1335, 1314, 1274, 1248, 1215, 1019, 970, 776, 700, 573 133.56, 134.54, 137.83, 137.94, 139.81, 141.54, 189.27, 190.20 1614, 1475, 1453, 1364, 1299, 1269, 1234, 1173, 1037, 971, 943, 854, 762 14.35, 25.91, 27.49, 60.58, 120.46, 126.98, 128.61, 129.27, 133.19, 133.98, 137.14, 144.02, 167.03 Wittig olefination under ultrasonication -Methyl 2-(thien-2-yl)acrylate (3m-Me). A suspension of thiophene-2-carbaldehyde (1e) (348 mg, 3.1 mmol) and methoxycarbonylmethyltriphenylphosphonium bromide (4c) (1.93 g, 4. 6 mmol) in a mixture of a 2 M aq. Na 2 CO 3 solution (10 ml) and hexane/ether (5 ml, 95/5 v/v) was sonoirradiated for 3 × 30 min, where the temperature of the mixture was kept at 35 • C. Therafter, the upper organic layer was separated, and the remaining mixture was extracted under ultrasonication with hexane/ether (95/5 v/v, 2 × 30 ml). The combined organic phase was evaporated in vacuo to give 3m-Me (0.4 g, 77%) with triphenylphosphine oxide as an impurity (5%). Further purification by filtration over a pad of silica gel can be carried out to give analytically pure 3m-Me.
16-(2'-(E)-Ethoxycarbonylethylidene-3-methoxyestra-1,3,5(10)-trien-17-one (9a). -16-Formyl-3-methoxyestrone (8a) (312 mg, 1.0 mmol) was mixed with ethyl (triphenylphosphoranylidene)acetate (2a) (523 mg, 1.5 mmol). The mixture was heated in an electric oven at 100 • C for 30 min. The reaction mixture was then subjected directly to column chromatography on silica gel (toluene : ethyl acetate = 5 / 1) to give 9a (250 mg, 65%) as a colorless solid; m. p. 93 -103 • C. -IR(KBr): ν = 3438, 2936, 1731, 1653, 1611, 1576, 1497, 1451, 1394, 1375, 1305, 1280, 1259, 
